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Background:  Recently,  determination  of  skeletal  age,  defined  as  the  assessment  of  bone  age,  has  rapidly 
become  an  important  task  between  forensic  experts  and  radiologists.  The  Greulich— Pyle  (GP)  atlas  is  one 
of  the  most  frequently  used  methods  for  the  assessment  of  skeletal  age  around  the  world.  After  pre¬ 
sentation  of  the  GP  approach  for  the  estimation  of  the  bone  age,  much  research  has  been  conducted  to 
examine  the  usability  of  this  method  in  various  geographic  or  ethnic  categories.  This  study  investigates 
on  a  small-scale  and  compares  the  reliability  of  the  GP  atlas  for  assessment  of  the  bone  age  for  four 
ethnic  groups  -  Asian,  African/American,  Caucasian  and  Hispanic  -  for  a  different  range  of  ages. 
Materials  and  methods:  Plain  radiographs  of  184  left  hands  and  wrists  for  males  from  the  healthy  sample 
between  1  to  18  years  of  age  for  four  ethnic  groups  were  taken.  The  skeletal  age  (SA)  was  estimated  by  a 
radiologist  using  the  GP  atlas.  The  blind  method  was  utilized.  The  mean  (SA)  results  were  compared  with 
mean  chronological  ages  (CA)  for  the  separate  ethnic  groups.  SPSS  was  used  to  conduct  the  analysis  and 
the  paired  t-test  was  applied  to  show  the  difference  between  the  mean  CA  and  mean  SA  achieved  from 
the  GP  atlas. 

Results:  The  results  from  the  GP  atlas  were  compared  to  the  CA  of  the  samples.  In  Asian  subjects  the 
mean  difference  was  0.873  years.  The  GP  atlas  showed  delayed  bone  age  at  2-7  ages  (from  0.2  to  2.3 
year)  and  then  advanced  bone  age  for  age  8.  In  the  African/American  subjects  the  difference  between  CA 
and  SA  was  statistically  significant  (P- value  =  0.048).  The  mean  difference  in  the  Caucasian  and  Hispanic 
subjects  reflects  no  considerable  distinction  with  a  standard  deviation  (SD)  of  0.3088  and  0.3766, 
respectively,  (P-value  >0.05  for  both  groups). 

Conclusion:  According  to  the  present  study,  it  is  concluded  that  although  the  GP  atlas  is  reliable  for 
Caucasian  and  Hispanic  ethnic  groups  it  is  not  applicable  for  other  ethnic  groups  for  different  ranges  of 
age,  especially  in  the  sample  of  the  male  African/American  group  from  8  years  to  15  years  and  Asian 
during  childhood.  Although  it  is  not  clear  whether  the  other  references  are  more  useful  than  this 
standard,  we  believe  that  some  enhancement  is  vital  for  the  GP  atlas  to  obtain  more  consistent  results. 
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1.  Introduction 

Assessment  of  bone  age  or  skeletal  maturity  is  not  only  used  in 
forensic  science,  but  it  is  also  utilized  in  the  clinical  environment  in 
radiology  and  paediatrics.  Usually,  bone  age  is  determined  by 
comparing  the  left-hand  radiograph  of  children  with  a  standard 
reference  sample  as  an  atlas.  Bone  age  assessment  (BAA)  has 
become  an  interesting  academic  topic  due  to  the  increase  in  illegal 
border  immigration  in  developing  countries.  These  days,  most 
countries  have  been  faced  with  a  rise  in  the  amount  of  foreigners 
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who  do  not  have  a  valid  ID  to  prove  their  age.  Skeletal  age  (SA)  is 
an  excellent  indicator  for  determination  of  the  growth  status, 
health  monitoring,  metabolic  and  genetic  disorders,  as  well  as 
diagnosis  of  precocious  puberty,  endocrinology  diseases,  nutri¬ 
tional  disorders  and  orthopaedic  problems  in  children. 

Tanner,  and  Greulich  and  Pyle  (GP)  are  two  famous  methods  for 
assessment  of  the  skeletal  age.  While  using  the  Tanner  atlas  is 
more  complex,  the  GP  atlas  is  less  time  consuming  and  less  prone  to 
errors.  Hence,  the  GP  method  has  become  the  most  preferred 
method  for  estimation  of  the  bone  age  among  the  experts  and  ra¬ 
diologists.  The  primary  version  of  the  GP  atlas  was  introduced  in 
the  1950s,  and  involved  the  hand  skeletal  of  the  Caucasian  popu¬ 
lation  in  the  1930s.  The  data  were  collected  from  1000  radiographs 
of  people  living  in  Cleveland,  aged  between  0  and  18  years.  The 
second  edition  was  published  in  1959  and  the  last  version  was  re- 
edited  in  1988. 

Although  skeletal  development  is  the  most  common  indicator  of 
bone  age,  there  is  considerable  literature  that  bone  age  is  affected 
by  different  criteria,  such  as  gender,  ethnicity,  socio-economic 
citation,  nutritional  and  geographical  location.  In  this 
research,  we  investigate  the  comparison  of  the  applicability  of  the 
GP  atlas  for  assessment  of  the  skeletal  age  (SA)  in  the  sample  of  four 
different  ethnic  groups  -  Asian,  African/American,  Caucasian  and 
Hispanic.  For  the  purpose  of  this  study,  we  have  chosen  to  limit  the 
scope  to  only  male  subjects  to  remove  the  variability  involved  in 
assessing  both  genders  in  the  four  ethnic  groups. 

2.  Materials  and  methods 

From  1400  radiographs  that  were  collected  from  the  Children’s 
Hospital  Los  Angeles,  184  radiographs  of  the  left  hand  and  wrist 
were  randomly  selected.  These  images  were  obtained  by  the  Image 
Processing  and  Informatics  (IPI)  Laboratory  to  conduct  an  auto¬ 
matic  computer-aided-diagnosis  (CAD)  method  for  bone  age 
assessment.  The  radiographs  were  collected  over  ten  years  for  both 
the  male  and  female  categories  from  new  born  to  18  years  for  the 
Asian,  African  American,  Caucasian  and  Hispanic  population  at  the 
Children’s  Hospital  Los  Angeles  (CHLA),  which  was  funded  by  the 
NIH.  These  images  were  achieved  with  a  similar  reflection  variable 
and  the  people  involved  in  this  examination  were  in  normal 
physical  development,  without  any  abnormality  in  the  soft  tissue  or 
congenital  disorder. 

We  chose  plain  images  belonging  to  male  subjects  for  the  four 
different  ethnicities.  The  choice  of  the  number  of  images  was  based 
on  the  availability  of  images  within  the  given  ethnic  group  and 
chronological  age  ranges  as  seen  in  Table  1.  The  reason  for  the 
different  chronological  age  groupings  for  the  different  ethnic 
groups  was  that  we  needed  to  maintain  a  sample  total  range  of 
within  15%  for  each  ethnic  group  compared  to  the  others.  This 
number  eventually  came  to  184.  Table  1  presents  the  size  of  the 
sample  classified  by  ethnicity  and  age.  We  could  presume  that  each 
group  presents  the  average  composition  of  the  related  ethnicity. 

Bone  age  was  assessed  using  the  Greulich  and  Pyle  atlas  by  an 
experienced  radiologist  from  the  Faculty  of  Medicine,  University  of 
Malaya  (UM)  with  the  CA  blinded.  The  radiographs  were  divided 
into  four  groups  based  on  the  ethnicity  and  submitted  to  the 


Table  1 

Number  of  cases  studied  by  age  and  ethnicity. 


Ethnic  group 

Chronological  age  (CA) 

No. 

Asian 

1-8 

48 

African/American 

8-15 

47 

Caucasian 

10-16 

46 

Hispanic 

15-18 

43 

radiologist  to  estimate  the  skeletal  age.  Radiographs  were 
compared  with  the  GP  atlas  and  the  closest  image  selected  for  the 
prediction  of  bone  age.  Statistical  evaluation  was  applied  on  the 
results  using  SPSS  software  (edition  21 ). 

3.  Results 

The  data  selected  from  the  184  male  samples  were  classified 
based  on  the  ethnicity  and  age.  The  data  were  analysed  with  SPSS 
21  software.  The  difference  between  chronological  age  (CA)  and 
skeletal  age  (SA),  (CA_SA)  was  calculated.  The  mean  value  and 
standard  deviation  (SD)  of  chronological  age  (CA),  skeletal  age  (SA) 
and  their  difference  (CA_SA)  was  noted  based  on  the  ethnicity  for 
each  age  group.  A  paired  t- test  was  performed  and  the  p-value 
obtained  to  show  the  significant  age  for  each  group. 

3  A.  For  Asian 

In  the  Asian  group,  the  skeletal  age  was  less  than  the  chrono¬ 
logical  age  in  all  samples  (from  2  years  to  7  years)  except  for  the 
range  of  1  and  8  years.  The  maximum  difference  between  the  CA 
and  SA  is  2.3  years  for  the  range  of  4  years.  This  comparison  shows 
that,  for  Asian  males,  the  skeletal  maturity  slows  down  after  2  years 
until  7  years  (Table  2). 

3.2.  For  African/ American 

In  the  African/American  group,  the  mean  skeletal  age  was  not 
close  to  the  correlated  chronological  age  (CA)  from  8  to  15  years, 
especially  between  12  and  15  years.  In  this  group  maximum 
retardation  was  observed  for  15  years  with  2.4  years  and  the 
Pearson’s  correlation  coefficient  (P-value)  was  0.048. 

3.3.  For  Caucasian 

In  this  group,  the  mean  chronological  age  was  13.850  years, 
while  the  mean  skeletal  age  according  to  the  GP  atlas  was  13.806 
years  for  the  age  range  of  10-16  ( Table  2).  The  distinction  between 
the  two  variables  was  statistically  0.044.  The  mean  of  CA  is  near  to 
the  mean  skeletal  age  especially  for  the  age  range  of  14-16.  This 
range  is  very  significant  in  forensic  practice  because  of  determining 
whether  an  individual  has  reached  the  legal  age  for  penalty  (P- 
value  >  0.05). 

3.4.  For  Flispanic 

The  data  obtained  in  this  category  showed  a  good  level  of 
congruence  between  the  chronological  age  of  the  people  and  the 
ages  estimated  from  the  GP  atlas  (P-value  =  0.871).  The  mean  dif¬ 
ference  between  the  two  parameters  is  very  small:  0.094  years  for 
the  range  of  15-18  years  (Figs.  1-4). 


Table  2 

Comparison  between  mean  chronological  and  skeletal  age  according  to  ethnic 
group. 


Ethnicity 

Age  groups 

n 

Mean 

(CA) 

Mean 

(SA) 

Mean 

(CA-SA) 

S.D.  of 

CA-SA 

p-Value 

Asian 

1-8 

48 

4.724 

3.851 

0.873 

1.386 

0.027* 

African/ 

American 

8-15 

47 

11.841 

13.312 

1.872 

1.471 

0.048* 

Caucasian 

10-16 

46 

13.850 

13.806 

0.044 

0.3088 

0.335 

Hispanic 

15-18 

43 

17.197 

17.291 

0.094 

0.3766 

0.871 

*  P-Value  <0.05  statistical  significance. 
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Fig.  1.  Comparison  between  chronological  and  skeletal  age  of  Asian  group. 
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Fig.  3.  Comparison  between  chronological  and  skeletal  age  of  Caucasian  group. 


4.  Discussion 

Skeletal  maturity  is  accepted  as  an  important  indicator  to  show 
human  development  or  growth  status.  The  Greulich  and  Pyle  atlas 
has  proved  to  be  a  reliable  standard  worldwide.  Scientists  are 
interested  in  investigating  the  skeletal  age  of  children  according  to 
different  conditions  -  social,  economic,  nutritional,  sex  and  racial. 
Bone  age  is  assessed  by  comparison  of  the  left  X-ray  image  of  the 
unknown  subject  with  a  standard  reference.  The  objective  of  this 
study  was  to  attempt  to  examine  the  usability  of  the  GP  method  to 
determine  the  bone  age  in  various  ethnicities  and  ages  in  a  small 
male  sample.  The  expression  of  “ethnicity”  is  used  to  clarify 
genealogical  relationships  in  this  study.  Cavalli-Sforza  et  al. 
categorized  the  population  of  world  into  four  main  ethnics. 
These  major  classifications  involved:  Africans/American,  Asian, 
Caucasians  and  Hispanic.  Our  choice  of  these  four  groups  was 
based  on  this  classification. 

In  the  Asian  sample,  the  delay  in  skeletal  age  was  observed  in 
the  first  and  middle  childhood  years.  The  delay  in  skeletal 
maturity  was  more  than  2  years  for  the  4-6  years  age  group. 
Patil  et  al.  conducted  an  examination  concerning  the  applica¬ 
bility  of  the  GP  atlas  among  Indian  people  from  1  to  19  years  of 
age.  They  found  that  skeletal  retardation  of  around  0.5  years  for 
the  group  in  the  range  of  4-15  years  for  males  and  between  the 
age  group  4-7  years  and  9-10  years  for  the  female  group.  They 
concluded  that  the  GP  atlas  is  not  a  reliable  method  for  the  In¬ 
dian  population  for  both  males  and  females,  particularly  in 
middle  and  late  childhood. 

Koc,  with  his  research  team,  implemented  an  evaluation  of 
skeletal  age  in  Turkish  children  following  which  the  results  were 
compared  with  the  GP  method.  They  determined  a  retardation  in 
bone  age  for  the  7-13  age  group  and  a  0.52  year  advance  in  bone 
age  for  the  range  of  14-17  years  of  age. 


In  our  opinion,  there  was  a  significant  difference  between  the  SA 
predicted  by  the  GP  standard  and  the  CA  in  a  subset  of  African / 
American  group.  Skeletal  age  was  advanced  between  8  and  12 
years;  while  it  was  delayed  between  14  and  15  years.  Randall  et  al. 
carried  out  a  test  of  the  ability  of  the  GP  atlas  in  black  and  white 
children  in  the  1930s.  The  samples  were  selected  from  children 
from  families  classified  as  having  high  level  socio-economic  status. 
They  found  that  the  GP  standard  was  useful  for  white  females  for  all 
age  ranges,  while  in  white  boys  it  was  only  applicable  for  the  group 
of  children  less  than  4  years  old,  and  for  black  boys  up  until  8  years. 
Furthermore,  the  atlas  was  not  reliable  for  black  girls  for  any  age 
range. 

The  results  presented  that  the  estimated  skeletal  age  of  the 
Caucasian  group  is  0.4435  years  less  than  the  chronological  age, 
while  the  mean  skeletal  age  of  the  Hispanic  group  is  0.094  year 
more  than  the  chronological  age.  Hence,  it  could  be  estimated  that 
the  Greulich  and  Pyle  atlas  could  be  an  applicable  reference  for  the 
Caucasian  and  Hispanic  population  during  adolescence  and  pu¬ 
berty.  The  difference  between  the  SA  and  CA,  which  was  selected  as 
the  evaluation  criteria  in  this  research,  showed  no  statistical  dif¬ 
ference  among  these  two  groups  and  for  the  10-18  years  age.  Ontel 
et  al.  tested  the  applicability  of  the  GP  method  for  the  determi¬ 
nation  of  bone  in  children  of  different  ethnicities  consisting  of 
white,  black,  Asian  and  the  Hispanic  group  for  both  the  male  and 
female  sexes.  They  found  that  the  reference  of  the  GP  needs 
improvement  for  assessment  of  the  skeletal  age,  especially  in 
Asians  during  childhood,  in  black  girls  and  Hispanic  in  puberty 
where  the  bone  age  showed  a  difference  with  the  chronological  age 
around  11  months.  Levine,  also  examined  the  bone  age  in  a  sample 
of  4  ethnic  groups  using  the  GP  atlas.  He  noted  that  the  GP 
method  is  not  a  reliable  standard  for  the  Asian  sample  and  com¬ 
mented  that  nutrition  and  disease  have  affected  the  maturity  of 
children.  The  carpal  bone  in  the  hand  is  very  vulnerable  to  inter¬ 
ruption  by  disease. 

In  theory,  the  difference  between  our  data  and  the  reference  of 
Greulich  and  Pyle  might  be  because  of  the  difference  in  ethnicity. 


Fig.  2.  Comparison  between  chronological  and  skeletal  age  of  African/American  group. 


Fig.  4.  Comparison  between  chronological  and  skeletal  age  of  Hispanic  group. 
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Furthermore,  since  the  subjects  were  not  selected  in  the  same  age 
ranges  in  each  group,  there  are  differences  in  the  estimation 
depending  on  whether  the  individual  is  at  the  early  or  late  stage  of 
the  age  range  as  age  estimation  in  individual  relies  on  morpho¬ 
logical  changes  within  skeletal  grow  and  attain  maturity.  This  we 
acknowledge  as  a  limitation  of  this  study  that  will  be  addressed  in 
future  work. 

A  large  group  of  a  standard  sample  is  needed  for  a  big  atlas  to 
assess  the  bone  age  for  different  ethnicities.  However,  some 
limitations  in  our  study  need  to  be  mentioned  before  presenting 
a  general  conclusion.  This  study  only  covered  a  small  group  of 
data  for  a  specific  range  of  ages  for  each  ethnic  group  and  a  large 
range  of  age  was  not  considered  in  this  comparison.  In  addition, 
there  is  no  discussion  about  the  variable  of  gender  in  this 
research.  However  sex  is  one  of  the  critical  factors  that  effect  on 
assessment  of  skeletal  age.  Hence,  a  grouping  of  more  samples 
for  both  males  and  females  could  be  a  direction  for  future 
investigation. 

5.  Conclusion 

This  research  investigated  whether  the  Greulich-Pyle  (G-P) 
method  is  applicable  for  determination  of  the  skeletal  maturity  in 
four  different  ethnic  groups  of  certain  age  groups.  It  could  be 
determined  from  the  results  that: 

(1)  In  the  case  of  Asian  males  there  is  a  retardation  of  bone  age 
for  age  group  2  year  to  7  years. 

(2)  In  the  case  of  African/American  males  the  GP  atlas  is  not 
reliable  for  assessment  of  the  age  group  of  8  years-15  years. 

(3)  In  the  case  of  Caucasian  and  Hispanic  males,  the  GP  atlas  is 
applicable,  especially  for  the  group  of  10-16  years  and  15-18 
years,  respectively. 

(4)  Ethnicity  or  geographical  location  may  affect  the  skeletal  age 
of  people. 

(5)  We  assume  that  some  improvement  is  needed  to  enhance 
the  ability  of  the  GP  for  estimation  of  bone  age  in  various 
ethnic  groups  with  more  reliability  and  accuracy. 
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